Recently there has been expressed need for authentic inquiry assessments that can differentiate students' content knowledge from their inquiry skills. Additionally there has been expressed need for such assessments particularly in the Geosciences, given the nature of the visualizations, the data sets, and the form of communication (i.e., topographical maps, cross-sectional drawings, etc.) used. In response to these calls, we first designed a supplemental instructional and assessment module for honing middle school students' content knowledge and inquiry skills in the domain of Geosciences, namely, Plate Boundaries. Secondly, we evaluated, using our assessment tasks, six classes of middle school students' content knowledge and inquiry skills in this domain. Thirdly, we used factor analysis to empirically demonstrate that content knowledge and inquiry skills can be assessed as separate forms of knowledge. Five factors were empirically demonstrated: some of these represent content knowledge exclusively, some of these represent inquiry skills exclusively, and some of these include both content and inquiry within the same strand. Results are discussed with regard to instructional implications and assessment design.
INTRODUCTION
For careers in the STEM disciplines in the 21 st century students need critical science skills, such as how to conduct inquiry with datasets and learn with scientific visualizations such as rich, interactive simulations (Gobert, 2005a) . The National frameworks for science (National Science Education Standards, 1996) emphasize inquiry skills also referred to as scientific practices by the National Assessment of Educational Progress (Champagne, Bergin, Bybee, Duschl, & Gallager, 2004) and claim that these skills are critical to science reform efforts. However, in typical classroom practice, science learning is often focused on rote learning of vocabulary, facts, and formulas for three reasons. First, scientific inquiry is difficult to implement in classrooms (de Jong et al, 2005) ; second, science process skills are difficult to assess (Fadel, Honey, & Pasnick, 2007) , and third, rote knowledge is what is prioritized on high-stakes tests. However, in all sciences, and perhaps particularly in the Geosciences due to high reliance on visualizations (e.g., topographical maps and cross sections) and real-time data-sets (e.g., USGS data sets), it is critical that assessment activities not be reduced to rote memorization since these cannot accurately evaluate students' geoscience inquiry skills (Manduca, Gobert, Laws, Mogk, & S.J. Reynolds, 2005) . In addition, it is important that science process skills are assessed within the contexts in which they are learned and embedded (Mislevy et al., 2002 (Mislevy et al., , 2003 . The project described herein seeks to assess students' inquiry skills in situ in the domain of Geoscience.
We describe a project in which we developed instructional and assessment modules to supplement existing geosciences curricula that focus on understanding dynamics along Plate Boundaries; the modules were designed to support the development of students' inquiry skills in the context of Geoscience, and assess students' inquiry skills in this context. These data are used to unpack the relationship between inquiry skills and content knowledge by: 1) applying theoretical frameworks to the design and coding of rich assessment tasks, and 2) using statistical techniques, namely factor analysis to empirically demonstrate that content knowledge and inquiry skills can be coded separately, and as such represent two facets of science knowledge.
Prior Work in Geoscience
Although there has been some work conducted in the Geosciences, this compares unfavorably in amount to that in the Physical Sciences (Stofflett, 1994) . The bulk of the research that has been done in this domain has been conducted on student conceptions, including: the earth as a cosmic body (Vosniadou & Brewer, 1992; Nussbaum, 1979 , Nussbaum & Novak, 1976 , rock-cycle processes (Stofflett, 1994) , earth and space as they relate to seasons (Schneps, et al., 1989) , and phases of the moon, (Schoon, 1992; Bisard et al, 1994) , sea floor dynamics (Bencloski and Heyl, 1985) , the earth's gravitational field (Arnold, Sarge, and Worrall, 1995) , the causes of earthquakes (Ross & Shuell, 1993; Bezzi, 1989; Turner, Nigg, & Daz, 1986) , and structure of the earth and interior processes (Gobert & Clement, 1999; Gobert, 2000) , including Plate Tectonics (Gobert & Pallant, 2004) . More recently however, Earth and Space Science are included as an integral component of Science in the NAEP Science Frameworks for 2009 (Champagne et al, 2004) , thus making research in this area a priority.
Additionally, very little work has been done in the Geosciences with assessment as its goal, in particular the assessment of inquiry skills, despite the recent calls for pedagogy and assessment related specifically to the Geosciences (Manduca, Mogk, & Stillings, 2002; Manduca, Gobert, Laws, Mogk, & S.J. Reynolds, 2005) . We believe that this domain provides an excellent opportunity to inform assessment design for inquiry with visualizations because visualizations are frequently used in the Geosciences for inquiry, thus this is an authentic form of inquiry in this domain. Moreover, there are likely generalizations that can be made from our project to other domains in which rich visualizations and complex data sets are used as well (Zalles, Quellmalz, Gobert & Pallant, 2007) .
Overview to the DIGS Project
In the Inquiring with Geoscience Data Sets project (DIGS; NSF-GEO# 0507828) we made use of cognitively principled assessment design that relates the learning to be assessed, as specified in a student model, to a task model that specifies features of tasks and questions that would elicit the evidence of learning, to an evidence model that specifies the quality of student responses that would indicate levels of proficiency (Messick, 1994; Mislevy et al., 2003; Pellegrino et al., 2001) . In addition to making use of findings from previous studies of learning in the Geosciences (Gobert & Clement, 1999; Gobert & Pallant, 2004; Gobert, 2005b) , we also made use of recent work which recommended the integration of best practices in learning science with the distinctive challenges posed by using geoscience data sets and visualizations in inquiry activities, e.g., working with geologic time-referenced concepts, observing complex natural systems, using integrative and synthetic approaches (Manduca, Mogk, & Stillings, 2002; Manduca, Gobert, Laws, Mogk, & S.J. Reynolds, 2005 ). The instructional module described herein provides extended inquiry-based investigations employing real geoscience data sets from, for example, the USGS (United States Geological Survey) and visualizations and was designed to both reify students' content knowledge in the area of Plate Boundaries as well as hone and assess their skills for inquiry using real-time data sets and visualizations. The assessment module includes performance assessments that provide evidence of geoscience knowledge and inquiry strategies not typically captured in traditional test formats; these assessments are designed to yield evidence of students' inquiry skills specifically within the context of geoscience phenomena. The paper by Quellmalz and Zalles (this volume) further describes the development processes employed in the present project, in addition to their own, as these two papers were part of the same materials development project (Quellmalz, Zalles & Gobert, 2007; NSF-GEO# 0507828) .
Goals of the Project
The first goal of this project was to design an instructional module, an assessment module, and a coding scheme, aligned with national inquiry standards (NSES, 1996) , for honing and assessing students' content knowledge and inquiry skills in the domain of Geoscience, namely, the occurrence and predictability of earthquake processes along Plate Boundaries. The second goal was to evaluate, using our assessment tasks, students' content knowledge and inquiry skills in this domain. In this paper we also address a third goal, that is, to empirically demonstrate that content knowledge and inquiry skills can be assessed as separate forms of knowledge.
MATERIALS DEVELOPMENT The Plate Boundaries Module
The plate boundaries module, On Shaky Ground: Understanding Earthquake Activity Along Plate Boundaries, has two components.
First, students completed a 4-5 day supplementary instructional unit on Plate boundaries. In the process, they examined authentic, publicly-available data sets with the help of appropriate software tools that permit students to select, simulate, and represent the data in different ways. Specifically, the unit engages students in a series of inquiry-based activities to explore and reify their understanding of the relationship between earthquakes and the characteristics of plate boundaries in the Earth's crust. We designed the activity such that the inquiry skills are learned and honed using, as an anchor, a time-based simulation tool called Seismic Eruption TM (Jones & Jones, 2004) , which simulates multiple decades of three-dimensional data about earthquakes around the world. With this tool, students can also create cross-sections along plate boundaries showing the location of the earthquake epicenters below Earth's surface. In sum, the goal here was to reify students' content knowledge and hone their inquiry skills in this domain.
The assessment component of the unit takes two days in which we assess students' content knowledge and inquiry skills using near transfer tasks. Specifically, the tasks require that students transfer the inquiry skills practiced in the units to new, yet conceptually-related problems. This provides data on the students' interactions with and manipulation of the visualizations and data sets, which can be, in turn, used to document the development of inquiry skills (Zalles et al, 2007) . The unit's components are designed to align closely to and elicit the scientific inquiry skills identified in national science standards (NSES, 1996) . Specifically, students are engaged in the following tasks; they:
• hypothesize about the likelihoods of earthquakes at locations around the world, 
Description of instructional module
In part A, "Understanding Earthquake Activity Along Plate Boundaries", students form hypotheses about the likelihood of earthquake eruption at three different cities around the globe, each chosen for the type of plate boundary underlying them. For each, students rate the risk of a major earthquake and provide a rationale for their risk rating.
In part B, "Current Earthquakes around the World", students familiarize themselves with the Seismic Eruption software (Jones & Jones, 2004) . Figures are shown later,
In Part C, "Observing the Data", students brainstorm about patterns and characteristics they observed at different plate boundaries (divergent, convergent, and transform).
In Part D, "Collecting Data", using the Seismic Eruption software, students create crosssections of the earth's interior at each of the three different plate boundaries and use these to answer questions part E.
Insert figures 1 & 2 here
In Part E, "Analysis", students elaborate on the magnitude, depth, frequency, and location of the earthquakes at the three different boundaries, and explain how the movements of the plates at each boundary account for the patterns in each set of earthquake data, respectively.
In Part F, "Applying your understanding", students are given two tables of earthquake data and identify the type of boundary represented by each table and provide three pieces of evidence each to back up their claims.
In Part G, "Conclude and Persuade" students revisit the questions from part A. Here students rethink prior answers and hence demonstrate what they have learned regarding the relationship between plate boundaries and earthquake characteristics.
Description of the assessment module
In assessment module questions were designed to assess how well students could apply what they had learned in the instructional unit in terms of both content knowledge and inquiry skills.
Specifically, in part A, "Comparing Convergent Boundaries", students describe what they learned about the different types of boundaries (divergent, convergent, and transform) in terms of their similarities (Item 1a) and differences (Item 2a). Students state the evidence they are using for their hypotheses (for each Item A1b and A2b, respectively).
In part B, "Analyze Data", students are shown a map of the world with earthquakes marked at three different locations (see Figure 4) In part C, "Making Conclusions", students draw conclusions about the magnitude, depth, and location of earthquakes along three different convergent boundaries (continentalcontinental, oceanic-oceanic, and oceanic-continental). They sketch the three types of convergent boundaries (C2). In C3, the students describe how the processes along each boundary results in the patterns of earthquakes in the data. In C4 they view a specific location on the map (used in assessment item B) and predict the likelihood of a big earthquake (magnitude greater than 6.5) in the next 50 years, and then explain the evidence underlying their prediction. Table 1 below provides a mapping between the instructional unit and the assessment tasks by inquiry strand. Note that we have not included the inquiry strands in the table that are not honed or assessed in our modules.
Insert Table 1 about here
Development of Assessment Scoring Rubrics for Content and Inquiry Skills
Item-specific rubrics were developed to score student responses; these were either on a two point scale (0-1) or a three-point scale (0-2). Items were scored for both the content knowledge they required as well as the inquiry skill(s) they required; exceptions were items in which the inquiry skill was not sufficiently rich to justify a separate scoring from the content scoring.
Assessment Item A1a) What similarities in earthquake patterns might you expect to find between oceanic-continental, oceanic-oceanic, and continental-continental convergent boundaries? A1b) What are you basing your hypothesis on?
Item A1a content scoring. Part a was scored for content. These data were scored for content as follows:
A continental-continental boundary will be different from the other two 2 Earthquakes will all be deep, or have similar patterns in terms of magnitude, or cause earthquakes and mountains because they are all convergent boundaries 1 All create earthquakes along boundary .5 Incorrect statements 0
Item A1b inquiry scoring. This item was coded for two inquiry strands in order to provide a finer-grained lens on the inquiry components of the task.
For inquiry strand 1.1, formulate testable hypotheses: students were scored as to whether they provided a testable hypothesis or not, regardless of correctness of content. For inquiry strand 4.1, formulate explanations ("hypotheses") using logic and evidence: responses were scored as to whether they included evidence for their hypothesis since formulating hypotheses is difficult for students (de Jong, 2006 Assessment Item A2a) What differences in earthquake patterns might you expect to find between oceanic-continental, oceanic-oceanic, and continental-continental convergent boundaries? A2b) What are you basing your hypothesis on?
Item A2a content scoring. This item was scored for content as follows:
A continental-continental boundary will be different from the other two, earthquakes not as deep.
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The characteristics of earthquakes will be different at different types of boundaries but does not specifying how Items B1a,b,c inquiry scoring (for each diagram). We coded students with a "1" if they answered the question at all since they would have had to do so on the sole basis of the diagrams provided. We scored them with a "0" if they did not provide an answer. For content scoring: 1 point for was given for each correct description (correct responses are in italics in the table). We did not score this item for inquiry strand 6.2 because using the chart is not a sufficiently rich inquiry task.
Assessment Item C2. Draw a sketch of the different convergent boundaries (three in total)
. Draw and label the location of the earthquakes along the boundaries.
An example of the content rubric for oceanic-continental convergent boundaries is shown below (similar coding schemes were used for each oceanic-oceanic and for continentalcontinental convergence):
Shows earthquakes all along the subducted plate 3 Shows the earthquakes at the contact point or deep within the plate 2 Shows earthquakes or shows the oceanic plate subducting 1 Obvious lack of understanding such as not showing subduction, or random doodle, shows continental plate subducting 0 For inquiry strand, 4.2, develop models ("cross-sections") using logic and evidence: Here we scored students' cross-sections as to whether they included information about earthquakes and plates, regardless of correctness since this type of information is critical to depicting geoscience information in cross-sectional form. For inquiry strand 4.2, formulate models ("make predictions") using logic and evidence:
We scored this item for inquiry because we wanted to evaluate whether students could provide a rationale for their prediction using evidence, regardless of scientific accuracy.
Prediction base with two pieces of evidence 3 Prediction with one piece of evidence 2 Prediction, no evidence 1
No prediction 0
Inter-rater reliability. Inter-rater reliability statistics were compiled from a randomly selected subset of our sample. The total number of items which were scored by two coders was 357; these were distributed all assessment items. Inter-rater reliability agreement 80%. Differences between coders were due to instances in which students' scores were coded slightly higher or lower by one coder, e.g., 1 versus 2, 2 versus 3, etc. On items for which there was disagreement in the original scoring, most were resolved through discussion.
Plate Boundaries Module Implementation
Participant Students. 15 8 th grade classes in a suburban Boston middle school participated in this implementation. The school had the following profile in terms of ethnicity: 81% White, non-Hispanic; 10% Asian/Pacific Islander, 5% Hispanic, and 4% Black non-Hispanic. Each class included approximately 20 students.
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Participant Teachers. There were three teachers who participated in this implementation, each with five classes. One of the participating teachers had taught for nine years and the other two had been teaching for five. From these, we randomly selected six classes; these data are used in this paper.
Setting and student grouping. The students worked in pairs, assigned by their teacher, for the implementation of the instructional unit, one pair per computer. The students worked individually on the assessment.
RESULTS & DISCUSSION OF FINDINGS
One of the main goals of this study was to evaluate students' content knowledge and inquiry skills in this domain, as measured by our assessment tasks. Another goal of the analyses presented herein was to determine whether the inquiry skills could be empirically disentangled from students' content knowledge. The remainder of the paper is dedicated to describing the results of these two goals Evaluating students' inquiry skills and content knowledge via individual items. As previously stated, the second goal of the project was to evaluate students' knowledge and inquiry skills in this domain. The table below provides the mean, standard deviation, and mean proportion correct (p-value) for each item for content and inquiry. The items are listed on the left hand side of the table. The values for each item are provided on the right hand side. The proportion correct (p-value) is provided as a means of comparing item difficulty on a standardized scale. The mean would usually suffice, but in this case interpretation is complicated by items that were scored on different scales e.g., some are out of 2 point, some are out of 3, etc., and thus the means are not directly comparable. As a measure of item difficulty, a p-value of over 0.90 indicates an item on which many people did well, while a p-value of less than 0.10 indicates an item on which few people did well. Whether these are cases of ceiling effects or floor effects, these items contribute very little variance to our assessment of student skills and so were dropped from later quantitative analyses of these skills.
Insert Table 2 here We describe our findings for each item in turn.
In terms of the content regarding the similarities (Item 1a) and differences (Item 1b) between the three types of boundaries (o-c, c-c, o-o) , students tended to obtain low scores (p values of 0.36 and 0.38). In terms of inquiry related to these items (1a & 1b), students were able to generate testable hypotheses (p values of 0.91 and 0.88); students also were able, in general, to provide evidence for their hypotheses, (p values of 0.61 and 0.60). Taken together, these results suggest that students were able to generate hypotheses but they had not yet mastered the content knowledge concerning the similarities and differences of the three types of boundaries, nor were they successful, in general, at providing evidence for their hypotheses.
Item B1 asked the students to "summarize … the patterns of earthquakes along each boundary" (Item B1a,b,c) using a map (similar to the one in Figure 4 ) and then to identify which type of convergent boundary each marked location referred to (Item B2a, b, c) . In terms of content knowledge, students scored moderately high for both items. For inquiry, scored 0 vs. 1, students scored very high for both items. Although we acknowledge that simply "using the diagrams" to answer the question is not a high level inquiry task for this grade level, but it does reflect one of the NSES inquiry strands (6.2) and is a critical process skill in science in general and for Geoscience in particular because this is a common type of visualization used, and thus was scored for inquiry here.
For Item C1, we scored students' responses on content only since using a table was not a sufficiently rich inquiry task. Students scored moderately high on content related to oceanic-continental and continental-continental boundaries (p values of .70 and .71), but scored lower on content regarding oceanic-oceanic boundaries (p value of .53). These data indicate that students had a better understanding of oceanic-continental and continental-continental boundaries than they did oceanic-oceanic boundaries.
For Item C2, students were asked to draw cross-sections and label the location of plates and earthquakes. When scored for correctness of content, students obtained p-values of 0.57, 0.50, and 0.53, respectively, for each boundary type. When coded for inquiry strand 4.2 (develop formulate models using logic and evidence) to reflect the inclusion of geoscientific information about earthquakes and plates, students obtained p-values of 0.83, 0.77, and 0.77, respectively. Thus, students tended to include plates and earthquake labels as part of their cross-sections but regarding their content knowledge of the geoscientific processes at the three boundaries, their scores were lower.
For Item C3, students were asked to "Explain how the processes along each type of boundary helps describe the patterns you see in the data". In terms of the correctness of the content in their explanations, students scored low on this item (p-value of 0.37), indicating poor understanding of the different patterns of earthquakes. When scored in terms of inquiry strand 4.1 (formulate explanations using logic and evidence), students scored higher (p-value of 0.62) indicating that they understand (at least moderately well) the epistemic form of explanation.
For item C4a, students were asked to predict the likelihood of big earthquakes (magnitude of 6.5 or greater) occurring at a specific location on a map within the next 50 years. When scored for correctness of their risk rating, students obtained a p-value of 0.58; when scored for the correctness of their evidence, students obtained a p-value of 0.33. These data suggest that students lacked content knowledge in order to provide evidence for their prediction. We also scored this item for inquiry strand 4.2, the "formulation of models ("predictions") using logic and evidence, for which students obtained a p-value of 0.72, meaning they understood fairly well that making a prediction requires the inclusion of evidence.
Evaluating students' inquiry skills and content knowledge via aggregated strands.
From our items we selected those items that had both a content and an inquiry component and aggregated subsets of items together that reflected the same inquiry skill or similar type of content knowledge. In doing so, we came up with three inquiry skills strands, namely, hypothesizing/predicting, generating evidence, and generating models, and three content knowledge strands, namely, content for hypothesizing/predicting, content for providing evidence, and content for generating models. In Table 3 below, we provide the means, standard deviations, and proportion correct (p-values) for each of the three aggregated inquiry strand measures and the three content knowledge measures, as well as for the total aggregated score for inquiry and for content.
The results are listed on the right hand of the table. Briefly, for items in which students generated a hypothesis or a prediction, when coded for inquiry students obtained a pvalue of 0.92 (Inquiry Strand 1.1). When these hypotheses and predictions were scored for accuracy, their mean score dropped to a p value 0.45. When these were scored for the inclusion of logic and evidence (Inquiry Strand 4.1), a p-value of 0.64 was obtained; however, when their evidence was scored for accuracy, the p-value dropped to 0.39. Lastly, when we scored students' models (cross-sections/predictions) for inquiry (Strand 4.2), we obtained a p-value of 0.77. When the content of their cross-sections and predictions were scored for accuracy, students' obtained a p-value of 0.49. Thus, here students were more successful at the inquiry components of these tasks than they were at the content component.
When viewing students' total inquiry skills as measured by the aggregate scores, students obtained a p-value of 0.73. For the aggregated content score, students obtained a p-value of 0.48. This is consistent with our findings for individual items above, that is, students' content knowledge, in general, lags behind their inquiry skills.
Can inquiry skills be empirically disentangled from students' content knowledge?
In order to empirically test whether the inquiry facet of the items could be statistically differentiated from the content facet of the items, we conducted exploratory factor analyses using Maximum Likelihood Estimation extraction and an Oblimin rotation with Kaiser Normalization. We conducted this analysis with 17 items and the 6 strands that we previously identified as relating to inquiry and content (see Table 4 ). Because of the small sample size and as the original items were interval scales containing between two to four levels, two analyses were run. The first using the original items and the second using item aggregates representing content and inquiry strands. This second analysis was conducted to minimize the splintering effects that a small sample size has on factors (using a minimum of 200 samples as a heuristic) by providing aggregates with more variance (factor analyses are calculated from covariance matrices or correlation matrices). Although the sample size was relatively low for factor analysis (n=100), the Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO indicates whether partial correlations are small) was .78 for the items and .76 for the strands, both indicating that the data are suitable for factor analysis. Bartlett's Test of Sphericity was significant, ! 2 (15 df, N=107) = 181.56, p < .001, for items, and ! 2 (136 df, N=107) = 557.16, p < .001, for strands, indicating non-identity correlation matrices, a requirement for mathematically valid use of the factor model.
Insert Table 4 here
The Kaiser-Guttman retention criterion of EigenValues greater than 1.0 produced a five factor solution for items (see Table 4 ) and a two factor solution for the strands (see Table  5 ). The previously mentioned splintering effects of a small sample size are evident among the factors derived from the original items as they are more consistently grouped by problem than they are by inquiry vs. content (see Table 4 ); with a higher sample size it is plausible that the factors made up of inquiry problems would have been further grouped into a single factor (see factors 1, 2 and 4) with a similar result for content factors (see factors 3 and 5). Communalities were questionably high, with some values over one during iterations and so interpretation must be made carefully. Cronbach's Alpha ranged between .69 and .91 for the individual items and between .64 and .77 for the two strands, namely, total inquiry and total content, indicating acceptable internal consistency for each of the factors (when values were below the recommended 0.70, they were close which is more acceptable because of the lower sample size). The results of each factor analysis are described in turn.
In Table 4 there are several noteworthy findings with respect to our third goal in this paper, namely, to empirically test whether inquiry skills could be disentangled from content knowledge. As can be seen by looking at the bolded values listed under factors 1 through 5, in some cases there is clustering of all content or all inquiry items, and in some cases, there is clustering of both inquiry and content items within the same factor.
Factor 1 includes three items (C2a, C2b, & C2c) , which all reflect the inquiry strand 4.2, develop models ("cross-sections"). These are items in which students were asked to draw cross-sections of different convergent boundaries and then label the location of plates and earthquakes. In sum, factor 1 contains all items for which students' inquiry skills were represented via their drawings of cross-sections.
On Factor 2, there are three loadings of note: one content item (C3) and two inquiry items (C3-4.1; C4-4.2). Item C3 asked students to "Explain how the process along each type of boundary helps describe the patterns you see with the data". This item, as well as C4, was coded for the inclusion of evidence as indices of inquiry. The content score for C3 also loaded on Factor 2 (however, it obtained the lowest eigenvalue of the three items). The commonality of these items is that they all require evidence for their reasoning.
Factor 3 has two items which load on it, both reflect content knowledge, namely the risk rating assigned to their prediction (C4a) and the correctness of the evidence provided for their risk rating (C4b). These two aspects of content understanding fit together since the students are likely basing their risk rating on evidence.
Factor 4 has six items: two content items and four inquiry items. Items A1 (1.1, 4.1) and A2 (1.1, 4.1) are the inquiry components, namely generate a hypothesis (1.1) and provide evidence for your hypothesis (4.1) for content items A1 and A2 which ask students to describe the similarities (A1) and differences (A2) in earthquake patterns that they might expect to fins between o-c, o-o, and c-c boundaries. These items cluster together because hypotheses and the use of evidence to rationalize these are based on students' understanding of the similarities and differences observed in patterns.
Lastly factor 5 includes only content items (C2a, C2b, and C2c) , these items assess students' content knowledge of the different convergent boundaries, as reflected in students' cross-sections. As such, these three items represent the content components of the items, which are clustered on Factor 1, above.
In sum, the results of this factor analysis generated five factors: two reflecting content knowledge, one reflecting inquiry skills, and two reflecting a combination of inquiry skills and content knowledge. It is interesting to note that on the factors that reflect both content and inquiry items, the items require that students use their content knowledge to provide an explanation or rationale. These data suggest that the content knowledge and inquiry skills involved in doing explanation-type tasks are tightly linked to one another. This is intuitively plausible as well since generating an explanation requires that one know the content involved. Table 5 below provides the data, which was generated using factor analysis on our strands, namely, aggregated items for each inquiry and content. While these aggregated items were not derived from the previous factor analysis of individual items, we found that a parallel analysis was desirable since the small range of the previous scales made it hard to differentiate whether factors were grouping items by inquiry or content or simply by problem (i.e. A's with A's, B's with B's, etc.). For instance, individual item scales ranged from 1 to 3 points while the aggregated scales ranged from 3 to 19 points. In either case it would be desirable to run confirmatory factor analysis following each exploratory analysis, but this was impractical given the small sample size and properties of the individual item covariance matrix. Finally, in the case of the aggregated items, since the exploratory analysis grouped them in the way we would force them together during a confirmatory analysis, we can infer that our model is indeed the mathematically preferable one (in the case of the aggregated items only).
Insert Table 5 here In this factor analysis, we obtained a two-factor solution in which all the items that loaded on factor 1 are content items and all the items that loaded on factor 2 are inquiry items. It should be noted, however, that the content eigenvalue was approximately three times greater than the inquiry eigenvalue, and, further, that Cronbach's alpha for the inquiry scale was less than 0.7, although not by much.
General Discussion and Implications for Further Research and Assessment Design
The first goal of this project was to design a module and coding scheme, aligned with national inquiry standards, for honing and assessing students' content knowledge and inquiry skills in the topic of Geoscience (Plate Boundaries). Our work here served two purposes. First, to develop assessments specifically for Geoscience inquiry (Manduca et al, 2005) , and secondly, to score inquiry skills separate from content knowledge since previous literature has stressed difficulty and importance of doing so (Mislevy et al, 2002 (Mislevy et al, , 2003 .
Secondly, our approach provides significant insights into the facets and components of tasks with which students are having difficulty. In particular, our data also showed that, for many items, students scored higher on the inquiry skills used to generate their response than they did on the correctness of content scored for that item. For example, our data suggest that students understand the epistemic form of a hypothesis or a prediction, i.e., that is that they must contain two variables and a relationship between them, but that they lack a full understanding of how evidence is used to justify hypotheses and predictions. Similarly, students were able to generate explanations of data (similarities and differences), but when asked to provide evidence for these or describe their reasoning, their inquiry scores were much lower. Taken together, these data suggest that students are acquiring schematic knowledge (Shavelson, 2005) about the epistemic form of these pedagogical tasks, even when they are lacking content knowledge for the task. Here, we assume that epistemic knowledge is integral to and important in the development of inquiry skills (Gobert & Discenna, 1997) . Our findings are consistent with previous studies of inquiry in which it has been shown that students lack inquiry skills (Gobert & Schunn, 2007) . For example, students have difficulties drawing correct conclusions from experiments and linking hypotheses and data (de Jong, 2006) ; both of these are consistent with our findings.
Thirdly, our paper substantiated empirically that inquiry skills can be successfully coded as distinct from content knowledge. Specifically, factor analyses generated a set of factors that included either all content items or all inquiry items, thereby, empirically substantiating that content knowledge and inquiry skills are two distinct forms of knowledge. Two additional factors included both content and inquiry items -these included items for which we asked students to provide a detailed rationale/explanation for their response to the item(s). Given that the content facet and the inquiry facet of these items loaded on the same factor, these data suggest that one's skill at using logic and evidence relates to their understanding of the content involved.
Lessons learned from this project include the importance of designing rich tasks that can be both scored both for content and inquiry using a scale for each facet (content and inquiry) and that can reflect a full range of student skill level or content level. This is important for the psychometric aspects of the items and the statistical analyses and also important for the assessment of skills and knowledge at various levels, including nascent inquiry skills and partial content knowledge. Furthermore, it is critical that assessment items be able to distinguish students' competence from performance so that assessment schemes such as this can be generalized to lower grades in which data literacy issues (obtaining information from a graph, map, etc.) could impact students' content learning and inquiry. In the present study, tasks that required students to use diagrams to conduct inquiry and/or generate diagrams to communicate their understanding provided a challenge with respect to their inquiry assessment. It was beyond the scope of this project to collect data about students' knowledge acquisition processes from visualizations (Gobert, 1994; 1999) , however, work is currently underway in which we are: 1) using think aloud protocols to collect such data in Geoscience, and 2) developing scoring rubrics for learners' cross-sectional diagrams (DePaor, Whitmeyer, & Gobert, 2007; Gobert, 2000) .
Concluding Comments. Our findings are important for research on student learning because, as our factor analyses show, inquiry skills can be assessed independent from content knowledge. This also has important implications for assessment, in particular for standardized tests, which tend to focus on the assessment of rote knowledge rather than inquiry skills. Specifically, since prior research has shown that inquiry skills may help compensate for lack of content knowledge (Hulshof & de Jong, 2006) , and that they make their own contribution to learning outcomes, over and above intelligence (Shute & Glaser, 1990) , general reasoning ability (Schunn & Anderson, 1999) , and metacognitive skills (Veenman & Elshout, 1995) , these findings along with ours prescribe the need to develop standardized assessments which can evaluate students' inquiry skills. This will require either the development of items that can be more easily scored than openresponse format and/or techniques for auto-scoring students' open-responses (hypotheses, predictions, explanations, etc.) . Presently techniques such as C-rater (Leacock & Chodrow, 2003) or latent-semantic analysis (Deerwester, Dumais, Landauer, Furnas, & Harshman, 1990 ) may provide promising approaches along these lines.
Our findings also lead to an important pedagogical question, namely, whether inquiry skills can be bootstrapped in the service of content learning. As previous stated above, inquiry skills may provide compensatory strategies for students, in particular those lacking content knowledge (Hulshof & de Jong, 2006) . From this literature as well as our findings, it seems clear that we should teach these skills, and in order to maximally capitalize on our efforts, however, again, we need to be able to assess inquiry skills. Data on students' inquiry skills can also be used, in turn, by teachers to both make curricular decisions as well as identify which students need help and on which specific inquiry skills. Two projects currently underway address these issues specifically (Gobert, Heffernan, Ruiz, & Kim, 2007; Gobert, Heffernan, Beck, & Koedinger, 2009 *An inquiry 1.1 score reflecting whether students could generate a prediction was derived from the C4-4.2 score by coding those with "1" or greater as "1" and those with a "0" as "0"; thus, making a prediction was differentiated from doing so using evidence, which was scored as inquiry strand 4.2. 
